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ABSTRACT 


Orbital mucormycosis is a filamentous fungal infection which is found to be inflaming the orbit along with the cerebrum, initiat- 
ing from paranasal sinus, is scrutinized in the department of Otorhinolaryngology. Mucorales remains common and frequently 
isolated microorganisms, causing mucormycosis but Mucor spp. and Rhizomucor spp., are responsible for 70% of total cases. 
Inflammation is initiated at paranasal sinus and is disseminated to orbit. The whole inflammatory process goes through four 
stages of pathogenesis. Germination is supported by high glucose, low oxygen concentration, high iron levels and acidic medium 
and then germinates into hyphae. This analytical review has tried to drag attention upon complete systematic steps of orbital 
mucormycotic infection including physical, clinical as well as the pathological presentation of orbital mucormycosis. Rhino-orbital 
mucormycosis is a dreaded clinical entity. It invades and occludes vascular lumina, forms a characteristic black eschar on 
paranasal sinus. The disease, through the ethmoid and maxillary sinuses, spreads to the paranasal sinuses into the orbit and 
then to the cranial cavity by way of the orbital apex, cribriform plate, orbital nerves or orbital vessels. It could be diagnosed by 
histopathologically, magnetic resonance imaging (MRI) and computed tomography (CT) scan. Epithelial cells and phagocytic 
cells help in host defence mechanism but Mucorales spores trap the nasal epithelial cells coming to contact with GRP78 through 
fungal spore coat protein CotH3 and harm the primary cell lining. By utilizing iron chelators, hyperbaric oxygen and immunity- 
boosting of individuals can be proved as a complementary process to the management of orbital mucormycosis. 
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INTRODUCTION fungal disease is mucormycosis. Swelling in eyes, deadness 
in the face are the commonest symptoms of orbital mucor- 
mycosis. The orbital wall gets inflamed and marked as an in- 
fectious thickening, expansion in the orbital wall, orbital fat 
and extraocular muscles. Patients having poorly controlled 
diabetes mellitus and lower immunity are prone to this fun- 
gal attack. In case of orbital mucormycosis, the infection 
starts through the nose and paranasal sinus usually remained 
as initial as well as a primary site of the fungal entry point, 
and invasion to orbit always possess secondary involvement 
eventually through intracranial structures via orbital apex or 
through blood vessels.” In this review the guideline is pro- 
posed for both sinonasal as well as orbital mucormycosis as 
sinus acts as the initial infection site of orbital mucormycosis 
but orbital mucormycosis is the focusing term of this review 
as the orbit is affected in all kind of incorporation of fungal 
infection including invasive and non-invasive forms. 


Mucormycosis often found in immunocompromised pa- 
tients, specifically in patients with diabetic ketoacidosis. Or- 
bital mucormycosis 1s a fungal infection in orbit due to infec- 
tious fungal agents causing minor or major orbital infections. 
Fungal infection in orbit may lead harm to nearby tissues and 
further result in visual impairment and often death. Addition 
to this, fungal infection can invite many other types of infec- 
tions along with other inflammations. Orbital mucormyco- 
sis is Just like an opportunistic fungal infection, also known 
as phycomycosis or zygomycosis. Mucormycosis is named 
so because organisms causing mucormycosis belong to mu- 
coraceae family. As the fungus is spore-forming in nature 
they could be inhaled through nose and mouth on a very reg- 
ular basis by humans. These are widespread and ubiquitous, 
found in decaying vegetables and fruits, in soil, air, animal 
faeces and remaining food items.' The most common orbital 
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METHODOLOGY 


Research articles regarding orbital mucormycosis were 
searched through a multiple approaches. First, we conducted 
an online search of the PubMed, Scopus, Google Scholar 
and Medline database with the word orbital mucormycosis 
including its epidemiology, etiopathology, clinical presenta- 
tions, investigations and current treatment. The abstracts of 
the published article were identified by this search method 
and other articles were identified manually from the citations. 
This review article reviews the epidemiology, etiopathology, 
clinical presentations, investigations and current treatment of 
orbital mucormycosis This review article presents a baseline 
from where further prospective trials can be designed and 
help as a spur for further research in this clinical entity where 
not many studies are done. The objective of this review arti- 
cle is to provide precise and brief knowledge regarding the 
prevention and treatment of the orbital mucormycosis. This 
article is specially focused on managing a dreaded clinical 
entity such as orbital mucormycosis. 








EPIDEMIOLOGY 


Mucormycosis is an invasive fungal infection which has 
been observed throughout the world with its severity. Mostly 
on tropical and subtropical countries like India are ideal for 
fungal growth during the transition from summer to rainy 
season between August and November. Due to delay in the 
diagnostic process orbital mucormycosis has a high mortal- 
ity rate of 25% 62% than recovery.’ Rising cases of mucor- 
mycosis remain high in China and India than other countries 
among uncontrolled diabetic patients but another survey re- 
ported that incidence of mucormycosis 1s higher with Europe 
on top with (34%) and followed by Asia with (31%), South 
America (28%), Africa (3%), Australia and New Zealand 
(3%).* 


ETIOPATHOLOGY 


Mucormycosis is caused by the saprophytic fungi of the or- 
der Mucorales. Rhizopus, Rhizomucor and Absidia are the 
commonly isolated organisms from the patients of orbital 
mucormycosis. > About 70% of the rhino-orbital mucormy- 
cosis are found in diabetic patients with ketoacidosis and 
other risk factors are patients with hematopoietic stem cell 
or solid organ transplantation. ° Mucormycosis is a fungal 
infectious disease and is life-threatening inflammation seen 
in immunocompromised patients in the result of either dia- 
betes ketoacidosis; when sugar level of blood is increased 
and acidic substances called ketones accumulate to alarming 
levels in the body, neutropenia; in presence of abnormally 
few neutrophils in the blood, leading to increased suscepti- 
bility to infection, increased serum levels of available iron, 





or organ transplantation surgery that leads to lacking enough 
red blood cells in the body.’ The kingdom fungi classified 
into four phylums; Ascormucota, Basidiomycota, Zygomy- 
cota and Deuteromyces. Zygomycetes came under phylum 
Zygomycota and Mucorales came underclass Zygomycetes. 
Mucorceae family comes under order Mucorales (Figure 1). 
Thus disease caused by mucor is identified as mucormyco- 
sis. Mucormycosis is generated by fungi belonging to the 
class of zygomycetes and to the order of Mucorales, which 
also has species like Absidia, Apophysomyces, Mucor, Rhi- 
zomucor, Rhizopus, Cunninghamella and Saksenaea. The 
most common isolated and etiological factor of mucormy- 
cosis is Rhizopus spp., Mucor spp. and Rhizomucor spp., re- 
sponsible for 70% of total cases.” Mucormycosis is a system- 
ic infection that can also affect lungs, kidney, bone, bladder 
and gastrointestinal tract, skin, heart and brain etc through 
contaminated tongue depressors.'° 


Mucormycosis is particularly seen in uncontrolled diabetes 
mellitus persons but also could be of high risk in case of im- 
mune-compromised hosts, patients with hepatitis, lympho- 
ma, leukaemia, multiple myeloma, septicaemia, renal failure, 
cirrhosis, patients on steroids intravenous or chemotherapy 
and drug abusers. Spores produced by Mucorales inhaled by 
the host from the environment through the nose. Emerging 
from paranasal sinus and nasal cavity colonisation, mucor- 
mycosis infection spreads to the orbits after spreading to the 
palate and the pharynx.'' The term rhino-orbital mucormyco- 
sis refers to the entire spectrum of the disease as due to prox- 
imity it affects nasal tissue to orbit and get vigorous at af- 
fecting the central nervous system. It usually starts in stage I, 
the sino-nasal tissues (limited sino-nasal disease), advances 
to the orbits (limited rhino-orbital disease) could be stage II 
infection and lastly affects the central nervous system (rhino- 
orbital-cerebral disease) referred as stage III of infection.” 
Pathogenesis includes microbial infection, inflammation, 
malignancy and tissue breakdown to cause disease, a patho- 
gen must successfully achieve four steps or stages (Figure 
2) of pathogenesis: exposure (contact), adhesion (coloniza- 
tion), invasion, and infection.'* Orbit act as the site for mu- 
cormycosis which is initiated particularly in case of immune- 
suppression or having an immune deficiency in the body. 
Mucormycosis seeks sufficient iron from the host for better 
growth. A healthy host defends against mucormycosis by the 
process of sequestration of iron in the serum through special- 
ized iron-binding protein. Regulatory mechanism of phago- 
cytic cells, circulation of neutrophils, tissue macrophages, 
and endothelial cells block the formation of infection in the 
tissue and upcoming endovascular invasion. But as of vul- 
nerable hosts, a defence mechanism of the body 1s disturbed. 
Dissociation of free iron from sequencing protein occurred 
by the acidic pH of the serum helps for releasing of free iron 
leads to lowering phagocytic defence mechanism and al- 
lows rapid fungal growth. This situation invites deficiency 
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in cell number, acidosis, hyperglycaemia and finally damage 
endothelial cells by fungus causes subsequent thrombosis, 
tissue necrosis and spreading of the fungal infection. Hae- 
matological malignancies are a crucial etiological threat for 
mucormycosis. '*!° 


HOST DEFENCE MECHANISM DURING MUCO- 
RALES INVASION 


Patients of rhino-orbital mucormycosis are often with poor 
immunity and diabetes ketoacidosis. During initial incuba- 
tion of Mucorales, both types of phagocytes such as poly- 
morphonuclear and mononuclear phagocytes of normal 
hosts engulf Mucorales by generating cationic peptides and 
oxidative metabolites defensins. Specialized iron-binding 
proteins, neutrophils and tissue macrophages, endothelial 
cells are the concerned host defence mechanisms that pre- 
vent the establishment of infection.'® When spore entered on 
paranasal sinus, the epithelial cell is affected initially as it 
acts as the primary barrier of all type of infection. Acidic 
conditions and high-glucose, through the interaction of the 
fungal ligand, can occupy human umbilical vein endothelial 
cells. Mucorales ligands can recognize host receptors which 
are specific to individual cell types of infected site and forms 
host-ligand interaction. Some host factors can promote the 
fungal ligand-host receptor interaction that eventually lead- 
ing to the fungal attack on the epithelial cell of respective 
host niches. Almost 40% of invasion results within the first 
three hours of fungal inoculation. Within 30 to 40 hours of 
inoculation, about 40 to 80% of nasal epithelium got infect- 
ed.'7 As discussed previously, the rising concentration of ke- 
tone, iron and glucose level in diabetes ketoacidosis bodies 
trigger the nasal glucose-regulated protein 78 (GRP78) ex- 
pression during adverse condition like a fungal attack. Mu- 
corales spores trapped the GRP78 interacted nasal epithelial 
cells on there to infect and damage the primary cell lining 
through fungal spore coat protein CotH3 (Figure 3).!8 Spe- 
cific bond formation of Mucorales with a single nasal epi- 
thelial cell protein are resulted by incubation of Mucorales of 
the nasal epithelial cell with extracts of biotin-labelled total 
protein. Nasal epithelial cell membrane proteins with anti- 
GRP78 polyclonal antibody, isolated through SDS-PAGE 
gel containing anti-biotin antibodies immunoblot, seen as 78 
kDa band that bound to that organism responsible for epi- 
thelial cell damage can be confirmed.” Polyclonal antibod- 
ies against either GRP78 or CotH3 can prevent damage of 
nasal epithelial cells by abolishing Mucorales invasion.'’”° 
Mucorales hyphal damage is minimised by Human polymor- 
phonuclear neutrophils (HPMNs) associated with impaired 
oxide ion (O,). Due to rapid induction of Nuclear factor- 
kappa B (NF-«B) pathway-related genes and enhancement 
of response by a stimulus in tolls like receptor 2 mRNA, ex- 
posure of Mucorales hyohae and human polymorphonuclear 








neutrophils (HPMNs) results.*! NF-«B is a major transcrip- 
tion factor that helps to regulate genes behind adaptive and 
innate immune response and activated when either B- or T- 
cell receptor is triggered through some of the distinct signal- 
ling components. 





ROLE OF IRON UPTAKE IN ORBITAL MUCOR- 
MYCOSIS 


As previously mentioned that heavy iron intake through 
blood or serum could be a critical factor for induction of mu- 
cormycosis. The sequestration of iron with host carrier pro- 
tein-like transferrin, ferritin, and lactoferrin interaction can 
avoid the toxicity of free iron and limits high iron availabil- 
ity and this strategy can be used as a universal host defence 
mechanism against Mucorales.” Diabetic ketoacidosis sup- 
ports increasing of iron in the body and this simulated acidot- 
ic condition decreases the iron-transfer in binding capacity 
and disrupts defence mechanism of the host.” With the help 
of using low-molecular-weight iron chelators or high-affini- 
ty iron permeases, Mucorales can obtain iron and reduced to 
ferric into soluble ferrous form by surface reductase. Then 
that reduced ferrous captured by a protein complex, this un- 
dergoes genome sequencing and identify | high-affinity iron 
permease (FTR1), 6 copper oxidases, and 3 ferric reductases. 
Gene encodes high-affinity iron permease expressed by Mu- 
corales. Then the reduction of FTR1 or suppression of FTR1 
assertion by RNA-1 reduces the virulence of mucormycosis 
(Figure 4).”° 











CLINICAL PRESENTATIONS 


Orbital mucormycosis is a true fungal pathogenic and op- 
portunistic infection. Initial symptoms resulting from sinus 
spread to orbit may develop orbital apex syndrome at that 
condition. The patient often presents with facial or eye pain 
and numbness on the facial area. If it is untreated, results in 
proptosis, chemosis and ptosis. Sometimes the rhino-orbital 
mucormycosis is associated with involvement of the cavern- 
ous sinus and affects III, IV, V, VI cranial nerves and cause 
paralysis of these nerves and also blindness.” If the cavern- 
ous sinus is affected, it leads to paralysis of the III, IV, V, VI 
cranial nerves and also cause blindness.* Vulnerable patients 
are infected by inhaling spores into the oral and nasal mucosa 
which grow and spread into the tissue using fungal hyphae. 
The hyphae are 5 to 15 microns wide, have rare septations 
and are irregularly branched. Here germination is supported 
by high glucose, acidic medium and high iron levels, low ox- 
ygen concentration and germinates into hyphae during stage 
I orbital mucormycosis.'° During stage II organisms develop- 
ing orbital mucormycosis has a propensity to invade and oc- 
clude vascular lumina, leading to form a characteristic black 
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eschar or lession. The disease process then spreads through 
the ethmoid and maxillary sinuses to the paranasal sinuses 
that reach into the orbit. The infection will move deeper into 
the cranial cavity through the cribriform plate, orbital apex, 
orbital nerves (perineural) or orbital vessels (peri or intravas- 
cular).*° Various elements lead the orbit to infection due to 
its inferior, middle, and superior relationship to the paranasal 
sinuses; a paper-thin bone of the lamina papyracea separates 
the orbit from the ethmoid sinuses and the direct spread of 
infectious organisms which permits due to lack of valves in 
the inferior and superior ophthalmic veins in the midface.”° 


Black eschar formation by inoculation of fungal spores 
through sinus, spread to intracranial cavity may be rapid and 
devastating, leading to a fatal outcome. Due to the absence 
of sinus disease and naso-canthal eschar, direct extension af- 
ter periorbital cutaneous inoculation may result in secondary 
orbital mucormycosis. In association with the marked orbital 
inflammatory process in a patient with mucormycosis optic 
nerve infarction developed within two weeks following the 
presentation and optic nerve thickening and infarction is the 
first and only sign of orbital involvement.” The early clinical 
presentations of orbital involvement include eye pain, prop- 
tosis and defective acuity of the vision. The orbital involve- 
ment is associated with a high density of the soft tissue and 
engorgement of the optic nerve. Clinically it is characterised 
frequently as fever, sinusitis, headache, periorbital or facial 
swelling, ptosis, visual loss and ophthalmoplegia. It also rep- 
resents Cranial nerve palsies, proptosis and epistaxis report- 
edly.” Along with the immunocompromised state, severe 
trauma, cancers, major burns, AIDS, bone marrow stem cell 
transplants, iron levels as well as an overload of aluminium 
may be the risk factors for lowering of immunity and initiali- 
zation of mucormycosis. Regular dialysis treatments, defer- 
oxamine therapy, cirrhosis of the liver and hepatic failure, 
infant acidosis following vomiting and diarrhoea, intrave- 
nous drug abuse and protein-calorie malnutrition are clinical 
symptoms and also risk factors for immunity failure. 


Symptoms like fever, rhinitis, sinusitis, headache, facial pain 
with swelling, nasal ulceration, granular or purulent nasal 
discharge, hemiplegia or stroke, epistaxis and cognitive dis- 
order can be primarily seen. Orbital mucormycosis patients 
show signs of orbital pain, facial hypoaesthesia and abrupt 
vision loss. The signs also include ophthalmoplegia, chemo- 
sis, hypoaesthesia, proptosis, ptosis and periorbital cellulitis. 
Various positions of the face like eyelid that is near to the 
maxillary sinus or the nose may be violaceous, erythematous 
or lead to cell death at the end. Dried blood resembling black 
necrotic tissue or a purulo-sanguineous exudate with thin, 
pink, and watery presentation and with an uncomfortable 
smell may be detected on the nasal septum, turbinates and 
palate. The bone and cartilage may become soft with further 
perforation with thick grey, green or yellow purulent drain- 
age as the affected area share the ischemic necrosis. The 





prognosis of the rhino-orbital mucormycosis worsens with it 
involves cavernous sinus. 


DIAGNOSIS 


Diagnosing of the orbital mucormycosis requires histo- 
pathological evidence of fungal invasion of the tissues and 
the extent of involvement can be evaluated with CT or MRI 
scans.*! Along with above-mentioned symptoms like the 
history of hypothyroidism, chronic otitis media, diabetes 
mellitus, obstructive sleep apnea and recurrent vertigo also 
remain as regular signs that mostly effecting orbital mucor- 
mycosis. Despite, nasal entry point act as the initiation of 
orbital mucormycosis, nasal swab culture for fungal identifi- 
cation may not be sufficient for better evaluation. If there are 
any changes seen in normal appearance in the nasal mucosa 
then an early and primary infection of orbital mucormycotic 
infection can be detected with thorough endoscopy of nasal 
with an eye of suspicion. During the inspection the common 
site of mucormycosis should be middle turbinate, septum, 
palate and inferior turbinate. Presence of sensation and de- 
creased bleeding in these sites could be the primary diagno- 
sis of orbital mucormycosis.” 


The histopathological diagnostic method can be chosen in 
the purpose of examining tissue of infected area under a 
microscope. It can detect the actual assimilation stage of 
infection. Dextrose Sabouraud’s Agar medium is mostly 
applicable for fungal growth following a period of growth 
with appropriate time and temperature. Hematoxylin and 
Eosin stain helps to detect aseptate broad fungal hyphae and 
shows cytoplasm stained pink-orange and nuclei stained 
with dark blue or purple. Lactophenol cotton blue staining 
is able to detect mucor sporangium with sporangiophore as 
high concentration of the phenol present in lactophenol de- 
activates lytic cellular enzymes thus the cells do not lyse. 
Periodic acid-Schiff (PAS) is a staining method used to de- 
tect polysaccharides such as glycogen, and mucosubstances 
such as glycoproteins, glycolipids, and mucins in examin- 
ing tissues. Tissue examination using PAS staining can 
validate fungal hyphae with right-angle branching.** The 
CT scan is a very successful diagnostic method of orbital 
mucormycosis where both sphenoid sinuses are involved, 
as revealed by the paranasal sinus. The patient who goes 
through transnasal navigated endonasal debridement, along 
with adjacent soft tissue of ethmoid and sphenoid sinus mu- 
cosa can also be diagnosed through CT scan. The MRI scan 
can detect fungal involvement of the orbital apex and brain 
abscess both before and after clinical examination, bilat- 
eral preseptal soft tissue swelling, soft tissue swelling in the 
right lateral and superior orbit and ill-defined enhancement 
of orbital apex extending interiorly with the optic nerve.**”° 
Another diagnostic method may be used in case of no evi- 
dence of sinus and brain abnormalities, and no fluid col- 
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lections; magnetic resonance venography in which a com- 
bination of a computer, radiofrequency and a large magnet 
is applicable for analysing proper images of structures and 
organs within the orbit. Intravenous (IV) contrast dye and 
Magnetic resonance technology are used in this procedure 
for clear visualisation of veins and the right cavernous si- 
nus observes decreased flow.*° 





TREATMENT 


There is a treatment for orbital mucormycosis include ag- 
gressive surgical debridement, intravenous liposomal am- 
photericin-B and hyperbaric oxygen therapy. Orbital mu- 
cormycosis 1s completely an immunocompetent disease, 
mostly affecting immunocompromised patients. There- 
fore immunity-boosting of a Mucormycosis patient can be 
proved as better management of this disease. Incorporation 
of granulocyte-macrophage colony-stimulating factor and 
gamma interferon to the systematic plan could become 
favourable management to leukemic patients with orbital 
mucormycosis because cytokines activate host phagocytic 
activity including granulocyte-macrophage colony-stimu- 
lating factor, gamma interferon that is able to kill Muco- 
rales in vitro.” Utilization of iron chelators allow entry 
of Mucorales into the host but some chelators such as de- 
feroxamine and deferasirox restricts allow of Mucorales 
invasion, maintain the balance of iron level and managed 
mucormycosis pathogenesis.'*>* Another therapy suggested 
that the amount of oxygen in blood increases by hyperbaric 
oxygen. Normal levels of blood gases and tissue function 
is restored by the increase in blood oxygen temporarily to 
fight against infection and promote healing.” The abil- 
ity of neutrophils is improved by high oxygen pressure to 
kill infected organisms and hamper germination of fungal 
spore and mycelia.'* Control of the system administration 
and insertion with local antifungal therapy, aggressive sur- 
gical debridement, predisposing factors and maintaining 
of self-hygiene could be implemented as the best way of 
management to this disease. Proper balancing activity like 
the use of immunosuppressive drugs, control of underly- 
ing hematologic malignancies and control of diabetes can 
suppress the rate of complications at the initial stage of or- 
bital mucormycosis. Proper ways of management should 
be implemented in our daily lifestyle as it becomes very 
important to maintain self-hygiene to avoid infection. But 
in case of a susceptible patient proper management should 
be introduced before surgical procedure. Collecting 
summaries of many case studies it is reported that Ampho- 
tericin B, Posaconazole and liposomal Amphotericin B has 
successful outcomes towards management and treatment of 
orbital mucormycosis as these therapies allow best tissue 
penetration of the drug.‘ 


CONCLUSION 


Orbital mucormycosis has the propensity to invade and caus- 
ing serious threats by hampering the host immunity both in 
normal and having diabetes ketoacidosis patients. Self-hy- 
giene, adopting proper care and several applications to boost 
host immunity can terminate the entry of fungal spores and 
alternately can eradicate of orbital mucormycosis. Early de- 
tection and well prognosis are mutual necessary processes 
for orbital mucormycosis. Following disease management, 
the appropriate process of diagnostic method and by control- 
ling predisposing factors, orbital mucormycosis can come 
under control. Before surgical process, proper progression 
rate should be known clearly for getting better surgical re- 
sults. Availability of best disease management by using suc- 
cessful treatment therapy can show good outcomes towards 
the change of empirical use of antibiotics and drugs against 
orbital mucormycosis. 
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Kingdom Fungi 


Phylum Ascomycota Basidiomycota Zygomycota Deuteromyces 


Class Zygomycetes 
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Figure 1: Classification of fungi defining Mucoraceae family. 
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Figure 2: Pathogenesis of orbital mucormycosis. 








Figure 3: Entry of Mucorales spores and epithelial cell inva- 
sion causing orbital Mucormycosis. 
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Figure 4: Role of Iron chelators reducing virulence of mucor- 
mycosis. 
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